PCX ■•^nGli'roatiiA Bmui 

INmNAnONAL APPUCAnON PUBLISHED U^a>ER THE PATCNT COOPERATION '^'^^ 



WORLD INmLECTUAL PROPERTir ORGANIZATION 
Interoational Pm«bm 




Al 



(51) IntOTUtfonal Pfttcnt Classlficati(m 6 ; 

F02B 41/02, 41A)0, FOIL 1/J44, F02F 

(21) totemalional AppUcaUan Numben PCrr/NZ95/(fol04 

(22) International FOing Date: 13 October 1995 (13.10.95) 



(II) International Publication Number: 
(43) Infiematioiial Publication Date: 



WO 96/15362 

23 May 1996 (23.05.96) 



(30) Priority Data: 
264888 
264923 
264966 
. 264974 
270068 
270450 
270496 
270531 



9 November 1994(09.11.94) 
15 Navcrabcrl994 (15.11.94) 
2rNovcmbcr 1994 (21.11.94) 
22 November 1994 (22.11.94) 
5 December 1994 (05.12.94) 
3 February 1995 (03.02.95) 
15 Ftebiuaiy 1995 (15.02.95) 
20Fdmiaiy 1995(20.02.95) 



NZ 
NZ 
NZ 
NZ 
NZ 
NZ 
NZ 
NZ 



aiyni) Applicant and Inventor: TAYIX>R, John, Bienglc 
PW^^ 10 MaryhUl Avenue, Boon Hay. Chnstchurch 
8002 (NZ). 

(74) Agents: LYTH. Richaitl, John et al.;.Baldwin Son & Carey. 
^^^V^342 umblon Quay. Wellington 6001 (NZ). 



/8n DesUtnated States: AL, AM. AT. AU. BB. BG. BR. BY^A. 

Sf. VK Sty model)"^^ ES. R GB GE HjU IS JP, 
KF KG KP KR. KZ. LK, LR. LT, LU. LV. MD, MG, 
S; ^KbTNO. N^ PL. PT. RO RU. SD. SE, 
SC. SL SK, SK (Utflity model). TJ. TM. TT UA. UG. US^ 
U2, VN, European patent (AT. BE. CH. DE. DK. ES. FR. 
OB. CR B^T^U MC. NL. FT. SE). QAP\ p^ttni(W 
BJ CT. Ca a CM. GA. GN. ML. MR. NE. SN. TD.TG), 
ARIPO patent (KE. MW. SD. SZ, UG). 



Publldied 

With wumatidnal search rtport. 
With amended claims. 



(54)riUc: IMPROVEMENTS TO ENGINES 

(57) Abstract 

Inict and exhaust valve Uming is varied in conjunc- 
tion with reducing the engines compression ratio and in- 
creasing drive to the supercharger. Variations include the 
early opening of one or more exhaust valves and/or clo- 
sure of one or mort inlet valves and/or late closure of one 
or more inlet valves and/or the closure of one or more 
inlet valves prior to the end of each inducuon stroke. 
Such variations may be implemented using a vanabic 
compound liming wheel for a valve opcratmg camshaft 
wherein the variable timing wheel is paiticulariy adapted 
to advance or retard valve operation in response to elec- 
u-onic or hydraulic actuation means. The invention further 
provides for an improved piston for a compression igm- 
tion engine particularly adapted so that upon fuel mjection 
and subsequent compression of the air/fuel mixture, the 
mixture is forced radially outward from the axis of the 
piston. The piston has a conical upper surface extcndmg 
radially to the edge of the top surface or panially out- 
wards to the edge of the top surface. 
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IMPROVEMENTS TO ENGINES 
The present invention relates to engines and methods of operating engines. More 
particularly, , alttiough not exclusively, the present invention relates to modifications in 
the construction and operation of internal combustion engines. 

Background To The Invention 

To the present time numerous techniques, have been proposed to enhance the 
efficiency or otfierwise middify the diaracteristics of an engine to achieve a particular 
effect. iSuch effects include the reduction in pollutants exhausted from engines and 
increased fuel efficiencies; Techniques in the prior art have met with mixed success and 
alternative methods and constructions are provided herein in order to enhance the 
efficiency and power characteristics of said engines, or to at least provide the public with 
a useful choice. 

Reference is made to a reciprocating piston type intenuil combustion engine of 
the type described in patent specification No. PCT/NZ94/00109 the disclosure of which 
is herein incorporated by reference. 

Further objects and advantages of the present invention will become apparent 
from the following description which is given by way of example only. 

Disclosure Of The Invention 

According to the invention, there is provided a reciprocatiiig piston type internal 
combustion engine including supercharging and turbocharging nieans, the engine being 
adapted so as to reduce its compression ratio and increase drive to the supercharger. 
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Prcferably the reduction in compression ratio in each cylinder is effected by 
vaiying the timing of one or more inlet valves, more preferably by closing the one or 
more inlet valves prior to thcf end of the induction stroke of the cylinder. 

In a further embodiment, the present invention provides for a recipropatiqg piston 
type internal combustion engine incorporating boosted induction. 

Preferably die boosted induction is effected by means of supercharging and/or 
tuifoocharging means: 

In a further embodiment, the present invention provides for a method of varying 
valve timing in a reciprocating piston type internal combustion engine including: 

early opening of one or more exhaust valves and/or late closure of one or more 
inlet valves and/or tije closure of one or more inlet valves prior to the end of each 
induction stroke. 

Preferably the closure of the one or more inlet valves prior to die end of die 
induction stroke occurs in conjunction with a reduction in compression ratio of the 
engine and/or in conjunction with boosted induction. 

Preferably the method of varying valve timing further comprises: 
closing one or more inlet valves substantially at bottom dead centre of piston travel on 
crankshaft rotation. 

Preferably die closure of die one or more inlet valves occurs up to 15 degrees of 
crank rotation after bottom dead centre, more preferably at or before bottom dead centi-e. 
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Preferably the inlet and exhaust valves action have little or no overk^, more 
preferably the exhaust valve opens at approximately SO degrees before bottom dead 
centre. 

Prefeiabiy the mettiod of varying valve timing further comprises: 
delaying the closure of the one or more inlet valves until after the compression stroke 
has started. 

Preferably delaying of the closure of the one or more inlet valves after the 
compression stroke starts at higher engine speeds. 

In a further aspect the present invention provides for a variable timing wheel for 
a valve operating camshaft wherein the camshaft is driven by a variable timing, 
compound wheel. 

Preferably the compound wheel comprises: 
a hub section located on or in association with the axis of a camshaft; 
a rotational drive means capable of transmitting rotational movement to the hub section 
about it's axis; 

a first actuation means, wherein the hub section, drive means and first actuation means 
are coaxial and are adapted so that when the first actuation means is displaced along the 
axis, the hub section and rotational drive means rotate relative to one another around 
their common axis. 

Preferably the hub section comprises a drive shaft which protnides firom the axis 
of the camshaft and has a male meshing means adapted to mesh with a complementary 
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fetnale meshing means in the first actuation means, and where the rotational drive means 
comprises a drive wheel adapted to mesh with the exterior of the first actuation means 
wherein when the first actuation means is axially displaced the hub section and the 
rotational drive means are to rotationally displaced with respect to one another; 

In an alternative embodiment^ the camshaft has a female meshing mesms adapted 
to mesh with a male meshing means in the first actuation means. 

Preferably the meshing meaiis comprise angled splines or slots which react and 
mesh with pins or recesses. 

Preferably the first actuation means is displaced axially by hydraulic, electronic 
or mechanical means. 

Preferably the first actuation means comprises a cylindrical body which 
incorporates meshing means on its outer surface and a female axial meshing recess at one 
or both ends. 

Preferably the rotational drive means is constrained so as not to be capable of 
axial movement. 

Preferably the first actuation means is controlled by an engine management 
system, a speed and/or load sensitive governor or directly by an operator. 

In a further embodiment the present invention provides for a piston for a 
compression ignition engine comprising: 
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a cyliiKirical member having a cenoal axis and a top suj*EK« or 
a convex surface which is adiqited so that upon fuel injection and subsequent 
coiiq>ression of an air/fiiel mixture, the air/fuel mixture is forced radially outward from 
the axis of the ^lindrical member. 

Preferably the top surface comprises a substantially convex conical surface which 
is symmetrical about the axis of the cylindrical member and where the conical shape 
extends radially to the edge of the top surface. 

Preferably the substantially convex conical siiifiEU% extends outwards so ttiat a 
substantially flat annular portion is formed in the top surface between the edge of the 
convex conical surface and the edge of the cylinder. 

Preferably the piston and/or cylinder may be used in conjunction with boosted 
induction. 

Preferably the piston moves in a cylinder which is adapted so that at the top of 
the compression stroke, the space between the cylinder head and the substantially flat 
annular surface surrounding the convex surface is of negligible volume, thereby 
expelling substantially all of the air between the aforesaid surfaces at the top of the 
compression stroke. 

Preferably the piston and/or cylinder head in which the space between the 
cylinder head and the substantially flat annular surface is of negligible volume may be 
used in conjunction with low boosted induction or no boosted induction. 
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Preferably the piston and/or cylinder head is used in. conjunction with the valve 
timiog method above. 

Preferably the valve timipg is implemented by means of ttie variable tiining wheel 
described above. 

Brief Description Of The Drawmgs 

The invention will now be described by way of exanq>le only and with reference 
to the figures in which: 

Figure 1 Illustrates an exploded view of a compound timing wheel 

construction; 

Figure 2, o., ^ c Illustrates a selection of piston crown profiles; 
Figure 3 Illustrates a perspective view of a piston crown; 

Figure 4 Illustrates a side view of a piston crown incorporating valve 

cutaways; 

Figure 5 Illustrates a cross-sectional view of an articulated two piece piston; 

Figure 6 Illustrates a cross-sectional view of a piston; 

Figure 7 Illustrates a cross-sectional view of a piston; 

Figure 8 Illustrates a side view of a prototype piston; 

Figure 9 Illustrates a cross-sectional view of a piston; 

Figure lOoybvc Illustrates cycle diagrams for starting, low speed and high speed 
engine operation; 

Figure 11 o^^ b> Illustrates cycle diagrams for variable inlet valve opening; 
Figure 12 «y k) Illustrates cycle diagrams for variable exhaust valve openings; and 
Figure 13 Illustrates a modified cylinder head and piston. 

Figure 14 Illustrates a cross section view of a modified piston in operation. 
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In the accompanying Figures lOa-c to 12a-b, the valve movement is iiidicaited by 
the arrow at the top of the cylinder. Valve closure is denoted by an iurow pointing to 
the valve and valve opening is denoted by an arrow pointing away from die valve. 

. The present invention is generally concerned with methods and i^paratus for 
varying the timing of valve opening and closure in internal combustion engines as well as 
cylinders for use in same. Such techniques have been examined in conjunction with 
modificatidns mcorporatiqg supercharging and turbocharginig. A numb^ of techniques 
will be discussed herein in the context of a reciprocating piston ^pe internal combustion 
engine of the type described in patent specification No. PCT/NZ94/00109 in a variety of 
operating regimes. 

An engine of the type described in patent specification No. PCT/NZ94/00109 
was modified by incorporating a supercharging unit and turbocharging unit. The engine 
was further modified so as to reduce it*s compression ratio while increasing it*s drive to 
the supercharger. It has been found that an engine incorporating these modifications has 
significantly improved fuel efficiency. 

By providing for a low compression ratio which is compensated with a heavily 
supercharged intake charge, more air will be available for the combustion of fuel and the 
combustion will be more efficient. Also, peak cycle temperamres will be lower and by 
providing air in excess of that required for combustion, the peak cycle pressures will be 
lower. In such an operating regime- the emission of CO, hydrocarbons and NOx will be 
reduced. 
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In the cycle diagrams shown in figures 10, 11 and 12 the inlet valve is located on 
the left of the cylinder head and the exhaust valye at the right of the cylinder head. 

Referriiog to figure 10b the tuibocharger and. superchaiger wm 
and the inlet valve was closed slightly before the piston of each cylmder eikied it's 
induction stroke. In the context of a compression ignition engine (ie; diesel), it may be 
desirable to reduce the qrlinder compression ratio to below that at which compression 
ignition occurs and conqiensate for the reduction in conq)ression by suj^lying the 
cyliruler with pre-compressed air from the supercharger. Such a configuration could 
utilise a supercharger beii^ powered by the engine. 

In experimental trials, the applicant used a supercharged turbo powered diesel 
engine incorporating reduced valve overlap. The standard compression ratio of 16:1 was 
reduced to approximately 13.5:1. The drive to the superchaiger was modified to increase 
power thereto. The valve overlap was SO degrees compared with 100 degrees overlap as 
illustrated in figure 7 of patent specification No. PCT/NZ94/00109, The inlet valve was 
set to close slightly before bottom dead centre (BDC). 

In it's standard configuration the power output of the engine was determined to 
be 91.5 brake horse power (bhp). With the modifications outlined above, the power 
output was 125 bhp. In the modified configuration, the measured exhaust emission of, 
for example, nitrous oxide was reduced and the invention provided enhanced iuel 
efficiency and smooth running characteristics. 

In an alternative configuration, the engine was modified to include a supercharger 
and/or a nirbocharger. The purpose of such 'boosted induction* is to provide additional 
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p,„ride *«ttve work on . pisi™ Jrtng ll» inductkm cyd^^ 

engines ouQmt work. 

Tlw intake of super-boosted air is 
avoid over-boosting the cylinder, m inlet valve in this example, is closed 
approxinuitely near BDC of piston travel on crankshaft rotation as shown in figure Ha. 
Depending on the engine load this could occur up to 15 degrees of crank rotation after 
BDC. hut more p«feiahly wiU be at BDC or before BDC. In comparison, m 
conventionally boosted engines, valve dosuie occurs at aK)und 50 degrees after BDC, .e; 
when the piston is rising on compression. Closing the inlet valves earlier than normal 
moderates the boost back to lower boost levels for the compression cycle thereby 
reducing negative work on the piston, while allowing super boost pressures to add work, 
via a piston on the early stages of the induction cycle, to the engine crankshaft thereby 
increasing the engines output. The exhaust and inlet valves have little or no overlappmg 
action with the exhaust valve being opened at approximately 50 degrees before BDC m 
order to drive the turbocharger sufficiently to effect super-boosting. The boosted 
induction for this engine configuration could be implemented using high energy exhaust 
gasses. It has been fomid that such modifications can increase the output by up to 35% 
per unit fuel volume. 

Aternaiiv. vawe lin>tag n«lhods h.« bem ««aysrt to daernn^ 
engine eWcienc, and .xJ»»s. pol.u«« conum. To Ous end, d« applto™ tos foond to. 
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if the exhaust valves are opened earlier than normal, the compression charge temperamre 
will be reduced. Such an operating regime is illustrated in figures 12a and 12b. For 
partial load and low turbo boost, the exhaust valve is opened towards the end of die 
power stroke as shown in figure 12a, For full load heavy turbo boost, the exhaust, yalve 
canopeneariy in the power strcto as shown in figure 12b. Analysis of exhaust gasses in 
this operating regimie revealed a reduction in NOx content, the effect being particularly 
apparent at low engine speeds. It is presumed that the lower compression charge 
tenq)erature is the result of a cooler cylinder. This results ftom the high temperature and 
high pressure exhaust gasses ispending less time in the cylinder and being expelled before 
the piston completes it's power stroke. 

In this operating regime, the exhaust valves are opened shortly after the piston 
has reached maximum velocity on the power stroke. This could occur at 90 crankshaft 
degrees before the end of the piston travel on the power stroke, or alternatively 
approximately 40 to 90 crankshaft degrees before the end of the piston travel on the 
power stroke. The selection of a particular timing for a valve would depend on whether 
the engine had a high or low pressure power stroke. 

Some of the power sttoke energy which is lost could be recovered by incorporating a 
turbocharger and using high boost pressure to cause the induction stroke to be a 
secondary power stroke and controlling the boost pressure as described herein so as to 
avoid excessively high compression pressures. 

At high engine speeds, ultra-early exhaust valve opening may not be required. 
This could be achieved by retarding the appropriate camshaft rotation proportionally with 
the eiigine speed . Alternatively or in coinbination with the above technique, the 
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camshaft which operates the exhaust valves may be advanced for heavy engine loads, 
and retarded for lighter engine loads. 

A further variation on valve timii^g is shown in figure 10c and includes the 
operating regime whereby the inlet valve closure is delayed until after the piston starts 
it's return movement (ie; on the compression stroke). This may be particularly 
appropriate at higher engine speeds to effect efficient filling of the cylinder. In 
accordance with the present invention, this may be effected by varying the operational 
timing of the at least some of the inlet valves, by means of the camshaft, in proportion to 
the engine speed or load, This may be achieved by using one or more camshafts whereby 
selected valves may be operated by a one camshaft with the remainder being operated by 
one or more crankshafts; 

Referring to figure 10a, at starting speed for a diesel engine the camshaft will 
retard its operation and delay the closure of one of more inlet valves until after the piston 
starts it*s return movement following the induction stroke. This will enhance starting 
compression. This procedure may not be required for a spark ignition engine. Once the 
compression ignition engine has started and attained a normal operating temperature, the 
camshaft will automatically advance so as to close one or more inlet valves before the 
end of the piston induction stroke at low engine speed as shown in figure lOb. The 
camshaft will automatically retard it's action in relation to the crankshaft movement as 
engine speed rises (see figure 10c). This will result in the closure of the one or more 
inlet valves being delayed as the engme speed rises. This closure delay will be in 
proportion to the engine speed. This wUl aid in cylinder filling with intake charge at 
higher engine speeds. An effective niethod of controlling the camshaft in the desired 
manner is by means of a compound wheel as described below. 
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The present invention further provides an apparatus for implementing the variable 
valve timing as discussed above. A camshaft may be driven by a variable timing, 
compound wheel. An example of such a conq)ound wheel is shown iii figuie 1. 
Referring to figure 1, a camshaft 4 has a hub section S attached to one end. A rotational 
drive wheel 3, actuation ineans 1 and 2, camshaft 4 and the hub section S aie all coaxial. 
The rotational drive wteel 3 is constrained axially. The actuation means is shown as two 
distinct components, however, they may be integrally constructed. The hub section 5 is 
meshed by way of angled splines 6, with a complementary female recess (not shoWn) in 
the actuation means 2: The rotational drive means 3 is nieshed by way of ai^ed q)line 
recesses 7, ^th angled splines 8 on the outside surface of the actuation means 2. It is to 
be understood that the location of the female and male meshing means may be reversed. 
Such a modification being within the scope of the present invention. The actuation means 
2 is capable of axial movement. If the arrangement is considered when stationary, it can 
be seen that if the actuation means 2 is moved axially towards rotational drive means 3, 
meshing will cause the rotational drive means to rotate. Simultaneously with the axial 
movement of the actuation means 2 towards the rotational drive means 3, the meshing 
between the hub section 5 and the female recess in the actuation means 2 will cause the 
camshaft to rotate. Depending on the orientation of the angled splines, the movement of 
the actuation means 2 will result in relative rotational displacement of the rotational drive 
means 3 and the crankshaft 4, thus retardation or advancement of the camshaft may be 
effected. 

The actuation means 2 may be controlled by hydraulic, electronic or similar 
means which are known in the art. Such control may also be effected by automatic 
engine control means or by an operator! the rotational drive means 3 is axially 
constrained thus the separation between the hub section S and the rotational drive means 
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3 is constant, and the rotation of the drive means 3 is thereby transmitted to the camshaft 
by way of the hub section 5 ^e their respective rotational di^laconems may be varied 
accoidinig to the position of the actuation means 2. 

The conqxNmd whieel described above is paiticulariy suitable fm use with one or 
more camshafts, configured to provide for the particular valve timing variation desired. 
It is to be iqipreciaied that one or more camshaft may be fitted to an engine whereby 
eadi cam^ft q>erates selected valves and incorporates a conipound wheel in accordance 
with the invention. 

The invention further provides for a modified piston head examples of which are 
shown in figures 2, 6. 7, 9 and 14. These piston designs may find particular application 
in the modified operating regimes described above. As shown in figure 3. an example of 
a piston has an upper surface shq)ed as a convex conical surface of revolution (about the 
axis of the cylinder). In the example shown in figures 2c and 6, a piston is shown with 
an upper surface in the shape of a cone extending completely to the edge of the piston. 
Referring to figure 5. 6 and 7 this piston may include a small hollowed area 50, 60 and 
70 re^ectively adapted to accommodate the injector when the piston is at the end of it's 
travel. Figure 2b illustrates a further embodiment whereby the piston crown incorporates 
a hollowed out swirl area 20. In all cases the top centre of the pistons is substantially 
higher than the edges. 

In operation, the conical surface shape pushes the air out radially into the fiiel 
spray. This improves mixing of the fiiiel and air arid exposes burning gases to cooler 
pans of the engine thereby reducing the rate of NOx formation. Further improvements 
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can be observed when the novel cylinders are used in conjunction wifli die boosted 
induction technique discussed above. 

Similarly, in figure 2a, 3 and 7 a piston is shown having a raised upper sur&ce 
21 having a conical shape and haying an annular substantially flat landing for the swirl 
area. The embodiment in figure 7 also incorporates thle hollowed recess 70 to allow 
clearance for the fuel injector. A furdier variation in diis piston design incoiporates 
valve cutaways as shown in figure 4. 

The pistons described in the present specification all incoq)orate a centre section 
that is raised substantially above the edges of the piston. This results in the combustion 
chamber being formed between the piston, the cylinder head and the cylinder walls. The 
effect of this is that the compressed air/fuel mixture has more room to travel without 
stalling on engine components thereby improving combustion. 

Figure 14 illustrates a modified piston in operation. The flat landing area is 
indicated by 144. A hollowed recess (dotted) allows clearance for the ftiel injector 142. 
Radical fuel spray 140 is forced outward by the raised centre section 141. 

A further variation is shown in figure 13. A piston 130 with a raised centre 131 
travels toward a cylinder head incorporating a recessed combustion chamber 132. The 
inlet and outlet valves are schematically represented by 134 and 135 respectively. This 
embodiment is suitable for operation in low pressure turbo or non-turbo configurations. 

At the top of its travel, the aimular landing area is separated from a ; 
corresponding dimensioned surface on the cylinder head by a narrow gap. 
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This particular embodiment is advantageous in that the compressed heated gases 
do not come into excessive contact with engine cpinponents while retaining the even 
expansion of the air fuel mixture as described. above. 

The raised centre sections of the piston top surfaces may be integrally formed or 
attached securely by means known in the art. A two piece articulated piston is shown in 
figure S\ In this embodiment, the top member is slightly movable with respect to the 
skirt 52. At die position where the angle between the piston arm and the longimdinal 
axis of the piston is at its maximum, the force is trammitted via the skirt rather than the 
piston head 51 . This reduces ring wear as the radially asymmetric forces on the sides of 
the top member of the piston are greatly reduced. 

Where in the foregoing description reference has been made to integers or 
components having known equivalents then such equivalents are herein incorporated as if 
individually set forth. 

Although the invention has been described by way of example and with reference 
to possible embodiments thereof, it is to be appreciated that inu)rovements and/or 
modifications may be made thereto without departing from die scope and spirit of the 
appended claims. 
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Qaims: 

1. A ceciprocatiDg piston type imenial combustion engine including supercharging 
and nirbochaiging means, the engine being adapted so as to reduce its compression ratio 
and increase drive to the supercharger and/or tuxbo charger. 

2. An engine as claimed in claim 1 wherein the reduction in compression ratio in 
each cylinder is effected by varyiAg the timiqg of one or more inlet valves, more 
preferably by closing the one or more inlet valves prior to the end of the induction stroke 
of the cylinder. 

3. A reciprocating piston type internal combustion engine incorporating boosted 
induction. 

4. An engine as claimed in claim 3 wherein the boosted induction is effected by 
means of supercharging and/or mrbocharging means. 

5. A method of vaiying valve timing in a reciprocating piston type internal 
combustion engine including early opening of one or more exhaust valves and/or late 
closure of one or more inlet valves and/or the closure of one or more inlet valves prior 
to the end of each induction stroke. 

6. A method of varying valve liming as claimed in claim 5 wherein the closure of 
the one or more inlet valves prior to the end of the induction stroke occurs in conjunction 
with a itjduction in compression ratio of the engine and/or in conjunction with boosted 
induction. 
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7i A method of vaiying valve timing as claimed in either claim 5 or 6 further 
comprising closing one or more inlet valves substantially at bottom dead centre of piston 
travel on crankshaft rotation. 

8. A method of vaiying valve timing as claimed in aiqr one of claims 5 to 7 wherein 
the closure of the one or more inlet valves occurs up to 15 degrees of crank rotation after 
bottom dead centre or more preferably at or before bottom dead centre. 

9. A method of vaiying valve timing as claimed in any one of claims 5 to 8 wherein 
the inlet and exhaust valves action have little or w) OVerlap, more preferably the exhaust 
valve(s) open at approximately 50 degrees before bottom dead centre. 

10. A method of vaiying valve timing as claimed in any one of claims 5 to 9 further 
comprising delaying the closure of the one or more inlet valves until after the 
compression stroke staits. 

11. A method of varying valve timing as claimed in any one of claims 5 to 10 
wherein delaying of the closure of the one or more inlet valves after the compression 
stroke starts occurs at higher engine speeds. 

12. A variable timing wheel for a valve operating camshaft wherein the camshaft is 
driven by a variable timing, compound wheel. 



13. A variable timing wheel as claimed in claim 12 wherein the compound 
comprises: 



wo 96/15362 



PCr/NZdS/D0104 



-18- 

. a hub section located on the axis of a camshaft; 

a rotational drive means capable of transmitting rotational movraient to the hub 
section about it's axis; 

a first actuation means, wherein the hub section, drive means and actuation means 
are coaxial and are adapted so that when the actuation means is displaced alp^g the axis, 
the hub section and rotational drive means rotate relative to one another around their 
common axis, 

14. A variable timing wheel ias claimed in claim 13 wherein the hub section 
comprises a drive shaft which protrudes from the axis of the camshaft and has a male 
meshing means adapted to mesh with a complementary female meshing means iii the first 
actuation means, and where the rotational drive means comprises a drive wheel adapted 
to mesh with the exterior of the first actuation means wherein when the first actuation 
means is axially displaced the bub section and the rotational drive means are rotationally 
displaced with respect to one another. 

15. A variable tuning wheel as claimed in either claim 13 or 14 wherein the meshing 
means comprise angled splines or slots which react and mesh with pins or recesses. 

16. A variable timing wheel as claimed in any one of claims 13 to IS wherein the 
first actuation means is displaced axially by hydraulic, electronic or mechanical means. 

17. A variable timing wheel as claimed in any one of claims 13 to 16 wherein the 
first actuation means comprises a cylinder body which incorporates meshing means on its 
outer surface and a female axial meshing recess at one or both ends. 
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18. A variable timing wheel as claimed in any one of claims 13 to 17 wherein the 
rotational drive means is constrained so as not to be capable of axial movemem. 

19. A variable timing wheel as claimed in any «» of claims 13 to 18 wherein tl» 
first actuation means is controlled by an engine management system, a speed and/or load 
sensitive governor or directiy by an operator. 

20. A piston for a compression ignition engine conqnising: 

a cylindrical member having a central axis and a top surfece or crown comprising 
a convex surface which is adapted so tiiat upon fuel injection and subsequent 
compression of an air/fuel mixture, die air/fuel mixmre is forced radially outward from 
the axis of the cylindrical member. 

21 . A piston as claimed in claim 20 wherein the top surface comprises a substantially 
convex conical surface which is symmetrical about die axis of tiie cylindrical member 
and where the conical shape extends radially to the edge of die top surface. 

22. A piston as claimed in eidier claim 20 or 21 wherein the substanUaliy convex 
conical surface extends partially radially outwards so duit a substantially flat amiular 
portion is formed in the top surface between the edge of the convex conical surface and 
the edge of the cylindrical member. 

23. A cylinder head, in which a cylindrical member as claimed in any one of claims 
20 to 22 moves, and is adapted so tiiat at die top of die compression stroke, die area 
between the cyltader head surface and die substantially flat annular SMfaw surrounding 
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the convex surface is of negligible volume, thereby expelling substantially all of the air 
between the aforesaid surfaces at the top of the conq)ression stroke. 

24. A piston as claimed in any one of claims 20 to 22 used in conjunction 
boosted induction. 

25. A cylinder head as claimed in claim 23 used in conjunction with low or no 
boosted induction. 

26. A piston as claimed in any one of claims 20 to 22 used according to the method 
ofclaimsS to 11. 

27. A cylinder head as claimed in either claim 23 or 25 used according to the method 
of claims 5 to 11. 

28. An engine as claimed in any one of claims 1 to 4 including a variable timing 
wheel as claimed in any one of claims 12 to 17. 

29. An engine as claimed in any one of claims 1 to 4 operating according to the 
method of any one of claims 5 to 1 1. 

30. An method of valve timing substantially as described herein and with reference to 
any of the drawings. 

31. A variable timing wheel substantially as described herein and with reference to 
any of the drawings. 
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32. A cylinder iubstaniially as described herein and with reference to the drawings. 

33. A cylinder head substantially as described herein and with reference to the 
drawings. 

34. An engine substantiaUy as described herein and with reference to any of the 
drawings. 
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AMENDED CLAIMS 

[received by the International Bureau on 25 March 1996 (25.03.96); 
original claims 1^34 replaced by amended claims 1-27 (5 pages)] 

1. A four cycle coinpression ignMonen^ 

Qirtx) chaiging means* the engine being adapted to reduce its geometrical conqnession ratio, . 
said eiigine iAccnponting.onie or inoie pistons ea^ 

a cylindrical member having a central axis and top surface in the fonn of a convex 
surface adapted so that upon fuel injection and subsequent compression of an air/fiiel 
mixture, the air/fiiel mixmre is forced radially outward from the axis of the 
cylindrical member. 

2. An engine as ciaiined in claim 1 wherein the top surface of each cyliodr^ 
conqirises a substantially convex conical surface which is symmetrical about the axis of die 
cylindrical member and where the conical sh^ extends partially radially outwards so that a 
substantially flat annular portion is formed in the top surface between the edge of the 
convex conical surface and the edge of the cylindrical member. 

3. An engine as claimed in either one of claims I or 2 wherein the cylindrical member 
is adapted so that at the top of the compression stroke, the area between a cylinder head 
surface and the substantially flat annular surface surrounding the convex surface is of 
negligible volume, thereby expelling substantially ail of the air between the aforesaid 
surfaces at the top of the compression stroke. 

4. An engine as claimed in either one of claims 1 or .2 incorporating a flat.combustion. 
chamber roof. 
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5. An engine as claimed in any one of claims 1 to 4 wherein tbe cylinder compression 
is controlled by means of valve timing, said valve timing adapted so that excess intake air is 
bled off by delaying the exhaust valve(s) closure untU the piston has completed the first part 
ofits imhiction stroke in such a manner as to cause at least some of the intake air to p^ 
into the exhaust system when the engme has tbc inlet valve apea. 

6. Ah engine as claimed in any one of claims I to 4 in which cylinder compressioii is 
controlled by early closing of the inlet valve(s). 

7. An engine as claimed in any one of clainas 1 to 4 wherein each combustion chamber 
has a centrally placed fuel injector nozzle. 

8. A compound variable timing wheel comprising: 
a hub section located on the axis of a cam shaft; 

a rotational drive means capable of transmitting rotational movement to the hub 
section about is axis; 

a first acmation means; and wherein the hub section, drive means and acmanon 
means are coaxial and are adapted so that when the first acmation meaiis is displaced 
along the axis, the hub section and routional drive means rotate relative to one 
another around their common axes. 

9. A compound variable timing wheel as claimed in cUim 8 wherein the hub section 
comprises a drive shaft which protrudes ftom the axis of the camshaft and has a male 
meshing means adapted to mesh with a.complementaiy female meshing means in the first 
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actuation means, and whwc the rotational drive means con?>rises a drive wheel adapted to 
mesh with the exterior of the first actuation means wherein when the first actuation means is 
axially displaced from the hub section and the rotational drive means arc rotationally 
displaced with respect to one another, 

10. A compound variable timing wheel as claimed in either claun 8 or 9 wherein the 
meshing means comprise angled splines or slots which react and mesh with pins or recesses. 

11. A compound variable timing wheel as claimed in any one of claims 8 to 10 wherein 
the first actuation means is displac?ed axially by hydraulic, electronic or mechanical means. 

12. A compound variable timiAg : wheel as claimed in dxjy one of claims 8 to 11 wherpin 
the first acmation means comprises a cylindrical body which incorporates meshinig means on 
its outer surface and a female axial meshing recess at one or both ends. 

13. A compound variable timing wheel as claimed in any one of claims 8 to 12 wherein 
the rotational drive means is constrained so as not to be capable of axial movement. 

14. A compound variable timing wheel as claimed in any one of claims 8 to 13 wherein 
the first acmation means is controlled by an engine management system, a speed and/or 
load sensitive governor or directly by an operator. 

15. An engine as claimed in any one of the preceding claims 1 to 7 wherein the top 
surface of each cylindrical member is relieved so as to provide clearance for valves that are 
operating when the cylindrical member is at the top of its travel. 
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16. Anengiiie as claimed inany one of claims 1 to 7 and 15 wherein tbc top surface of 
each cylindrical inember comprises of substantiaUy convex conical surface which is 
synmi«rical about the axis of the cylmdrical member ^ 

radially to the edge of the top surface. 

17. An engine as claimed in any one of claims l to 7 and 15 and 16 wherein the top 
satbct of each cylindrical member is adapted so that the centre of the top surface will be 
located substantially immediately below the injector when the cylindrical nwmber is at die 
end of ite compression stroke and the top surfiK* section ftom the centre to edge is c^^ 
and the edge of the top surface is lower than that top surfiwe at die centre of die cylindrical 

ineinter. 

18. An engine as claimed m any <^ of churns 7 and 15 to 17 wherein each cylindrical 
member is relieved so as to accommodate off axis or centrally located injectors. 

19. An engine as claimed in any one of claims 7 and 15 tol8 wherein the fuel injector 
spray angle is adapted so as to direct die fuel spray plume substantially clear of die cylinder 
head and die cylmdrical member top isurface. 

20. An engine as claimed in any one of claims 1 to 7 and 17 to 18 having valve timing 
controUed by a compound variable timing wheel as claimed in any one of claims 8 to 15. 

21 . An engine as claimed in any one of claims 1 to 7 and 15 to 20 wherein die 
cylindrical member is articulated. 

22. A mediod of operating an engme comprising: 
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Opening exhaust yalve(s) early so as to evacuate hot exhaust gasses from a cylinder 
while the power stroke is only partially complete, where a tuibo charger is used to 
recover substantially all of the lost exhaust energy; 

using pre-compressed intake air to drive the piston down on its induction thereby 
crating a secondary power strote through the induction cycle; and 

moderating the compression cycle pressure by closing the inlet valve(s) before the : 
end of the induction stroke. 

23. An method of valve timing substantially as described herein and with reference to 
any of the drawings. 

24. A variable liming wheel substantially as described herein and with reference to any 
of the drawings. 

25. A piston substantially as herein described with reference to the drawings. 

26. A cylinder head substantially as described herein and with reference to the drawings. 

27. An engine as substantially as desribed herein and with reference to any of the 
drawings. 

ASPEC57039 



AMENDED SHEET (ARnCLE 19) 



wo 96/15362 



1/1A 



PCT/NZ9S/00104 




SUBSTITUTE SHEET 



W09d/lS362 



3/lA 



PCr/NZ9S/00104 




SUBSTITUTE SHEET 



wo 96/15362 



PCT/NZ9S/p0ia4 




SUBSTITUTE SHEET 



wo 96/15362 



5/1A 



PCT/NZ9SA)0104 




FIG.5 



SUBSTITUTE SHEET 



wo 96/15362 



6/14 



PCr/NZ95/p0104 




F1G.6 



SUBSTfTUTE SHEET 



wo 9605362 



7/1A 



PCT/NZ9SyO0104 




FIG. 7 



SUBSTITUTE SHEET 



Wd 96^15362 



8/U 



rcraassnom 



£ £ 

m <r) 




5.51 Amm 



120.094mm 

I 

FIG. 8 



SUBSTITUTE SHEET 



W096/1S362 PCT/NZ95«)01(M 

9/K 



I 




FIG. 9 



SUBSTITUTE SHEET 



wo 96/15362 



10/1A 



PCr/NZ9a/Q0104 




SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



wo 96/15362 



PCT/NZ9S/00104 





SUBSTITUTE SHEET 



INTCRNA-nONAL SEARCH REPORT 


International Application No. 




PCT/NZ 95/00104 



CLASSinCATlON OF SUBJECT MATTER 



Inl Q^* F02B 41/02, 41/00. FOIL 1^44, F02F 3/24, 3/28 

to Intgmationai Patent Classification ^IPO or to both national classification and IPC 



According 
B. FIELDS SEARCHED 



Minimuin documentation siarched (classification system foUovwd by classification symbols) 
IPC : F02B 4U00, 41/02, 41/04, F02D 15/00, FOIL 1/344, 1/34, F02F 3/24, 3/28 



I>,c«mentationsean:hcdot^ 
AU : IPC as above ' > ■ 



Electionic data base consulted during the into^ 
Derwent . 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



US 5255637 A (SCHECHTER) 26 October 1993 
column 3 third and fourth paragraphs and lines 60-63 

WO 92/04536 A (AB VOLVO PENTA ct al) 19 March 1992 
abstraa 

GB 2133467 A (SWANSON) 25 July 1984 
page 1 lines 30-39 



1-8, 10-11,29 



3-4 



FuftbvdocumatttareliiSfldbtlieconliiiu^^ 


SeefMiaa£unilymMK 


• Special categories of cited documents: later document published aAer the tntcnatiooal filing date or 

onSs^toLaWBhthepoWicationcta^ "V documatt of paiticiJar relevance; the claun^iiw™ 
or wBiai IS am u ai«n»n .™= „ be considered to involve an invenuve step when the document is 
-^^"T^.tlLSSS^r^ ^^v^.honeornioreo.hersuchdocun«l..««h 
^frSS."^^^^^ c«nbi«lionbci«wobvious,oapenonskiUedintt««t 
^ 7^;^S^u,^uacn^ri^ doc«n.nt«e«baofU«««ep«««toily 


IDatc of the acmal campietion of the international search 
25 January 1996 


Date of mailing of the international search report 


Name and mailing address of the ISA/AU . 

AUSTRAUAN INDUSTTUAL reOITOTY ORGANBATT^ 

PO BOX 200 
WODEN ACT 2606 

AUSTRALIA Facsimile No.: (06) 285 3929 


Authorized ofiicer 

JAGDISHBOiaL 

Teleohooe No.: f06U83 2371 



Fonn PCT/BA/210 (second sheet) (July 1992) oophin 



INTERNATIONAL SEARCH REPORT 



♦^■cniational Application No. 
PCT/NZ9S/00104 



CrContimuition) DOCUMENTS CONSIDERED TO BE RELEVANT 


Catcgoiy* 


Citation of document with indication, where ^ropriate, of the relevant passages 


Relevant b 
claim No. ' 


X 


AU 619ia/80 A (SOCIETE D'ETUDES DE MACHINES THEIUy^QUES S.E.^^ 
5 March 1981 

page 2 liine 21 - page 3 line 5. page 17 line 27 - page 18 line 7 


3-5,7.11. 29 


X 


US 2670595 A (MILLER) 2 March 1954 . 
colomii 4, iseobnd complete paragraph 


3.11.29 


X 


AU 16502/53 (158214) B (MILLER) 7 May 1933 
column 4 lines 3-30. column 7 lines 21-25 


1-11,29 


X 


Patent Abstracts of Japan, M 1608, page 150. JP 06^23 16 A (NIPPON DENSO CO LTD) 

lSFc))ruafyl994 

whole abstraa 


12-19/28 


X 


US 5209194 A (ADACHI et al) 1 1 May 1993 
figure2 


12rl9,28 


X 


US 5080052 A (HOTTA et al) 14 January 1992 
figures 2, 5 


12-19,28 




Patent Abstracts of Japan, JP 07-150950 A (HIROYASU et al) 13 June 1995 
whole abstraa 


20,23-25 


X 


DE 3728 167 A (KRUPP MAK MASCHINENBAU GmbH) 9 March 1989 
figures 1-2 


20. 23-25 


X 


Denvent Abstraa Accession No. 86*1 17958/18, Class Q52, SU 1 183698 A (TURBOMOTOR- 
NYIZAVOD) 7 Oaober 1985 
whole abstraa 


20, 23-25 


X 


Patent Abstracts of Japan. M 169. page 159. 57-126541 (MITSUBISHI JUKOGYO KK) 
6 August 1982 
whole abstraa 


20. 23-25 


X 


FR 1479937 A (BLACKSTONE & CO LTD) 5 May 1967 
figures 


20-25 


X 


DE 569702 A (LANOVA Ag) 7 Fd>ruary 1933 
figure 1 


20-25 



Fonn PCT/ISA/210 (cootintiatiaD of seobod iheet) (July 1992) oophio 



INTCRlSiATIONAL SEARCH REPORT 



Imenatioiial Application No. 
PCT/NZ 95/00104 



BoiDcoiitiaiicd , i . — 

(a) Claims 1-2, 28-29 are directed to an engine characterized by ym..ltaneous iffducrion in thg WtBPreSWffi m<> 
and ixicp^^ '" hoost pressure. 

(b) Claims 3-4 are directed to an engine; 

(c> Claims 5-11 are directed to a method of vnTViPK Yiav? MmH I" "tl <^^ne (theiyfay v?TYipK1^^ff CTnpffS Signjaaal 
but not being limited to die ffamire of simultaneously changing the bo^ 

(d) Claims 12-19 are directed to a variable timing wheel ^ihar^cterized by its cfflMftructignal featuygs . 

(e) Claiias 20.25 are directed to a piston or a cylinder head and rtwnwttriiWi W TlW kmn Of piflWl fflW^ 

c -.rf«-iw«»«««tiMiadBroui)Sofclaiinsdonotshareanvof^^ . , 

?itl^::StSr«^^ Acoonlinglythemterea^^U 
application does not relate to one invemion or to a Single mvemive concept. 



Fan PCT/BA/JIO (etfis Aeel) (July 1992) eopUB 



INTERNATIONAL SEARCH REPORT 

Information on patent fiamily members 



Internatioiiai Application No. 
PCT/NZ9Smi04 



This Annex lists the known "A" publication level patent &mi]y members relating to the patent documents dted 
in the above-mentioned international search report. The Australian Patent Office is in no way liable for these 
partioilars wMch are merely given for the puipose of infonhatipn. 



Patent Document Cited in Seaxch Pateot Family Member 

Report 



us 


5255637 


EP 


568214 










. wo 


9204536 


AU 


. 84907/91 


BR 


9)06815 


EP 


547111 






SE 


9002849 










GB 


2133467 


DE 


3401295 


FR 


2539454 


JP 


59138709 


AU 


806191S 


BR 


8005437 


DK 


3700/80 . 


EP 


24994 






ES 


494651 


ES 


8200742 


n 


802683 






FR 


2464372 


JP 


56050231. 


NO 


802537 






PL 


226506 


SE 


8005910 


YU 


2172/80 


US 


5209194 


JP 


5263614 










US 


5080052 


DE 


4108111 


JP 


3286104 







DE 3728167 



¥m KinSMXO (paitcot fimuly anan) (July 1992)€ophiD 



END pF ANNEX 



